ABSTRACT CASS includes a multicenter patient registry and a randomized controlled clinical trial. It is designed to assess the effect of coronary artery bypass surgery on mortality and selected nonfatal end points. From August 1975 to May 1979, 780 patients with stable ischemic heart disease were randomly assigned to receive surgical (n = 390) or nonsurgical (n = 390) treatment and were followed through April 15, 1983. At 5 years, the average annual mortality rate in patients assigned to surgical treatment was 1.1%. The annual mortality rate in those receiving medical therapy was 1.6%. Annual mortality rates in patients with single-, double-, and triple-vessel disease who were in the surgical group were 0.7%, 1.0%, and 1.5%; the corresponding rates in patients in the medical group were 1.4%, 1.2%, and 2.1%. The differences were not statistically significant. Nearly 75% of the patients had entry ejection fractions of at least 0.50. The annual mortality rates in patients in the surgical group in this subgroup with single-, double-, and triple-vessel disease were 0.8%, 0.8%, and 1.2% and corresponding rates in the medical group were 1.1%, 0.6%, and 1.2%. The annual rate of bypass surgery in patients who were initially assigned to receive medical treatment was 4.7%. The excellent survival rates observed both in CASS patients assigned to receive medical and those assigned to receive surgical therapy and the similarity of survival rates in the two groups of patients in this randomized trial lead to the conclusion that patients similar to those enrolled in this trial can safely defer bypass surgery until symptoms worsen to the point that surgical palliation is required. Circulation 68, No. 5, 939-950, 1983 
ingly widespread availability of experienced surgical teams, and the belief of many physicians that the procedure may reduce long-term mortality have resulted in a rapid increase in the number of bypass procedures performed in the United States, from an estimated 24,000 in 1971 to an estimated 159,000 in 1981.*
In 1973 The National Heart, Lung and Blood Institute organized a patient registry and a randomized trial designed to compare results of medical and surgical therapy in patients with coronary artery disease. The goal of the randomized trial is to rigorously evaluate the effect of assigned treatment on total mortality in well-defined subsets of patients with coronary artery disease. In this first end point report from the randomized trial, survival in patients assigned to surgical therapy is compared with survival in patients assigned to receive medical management.
Methods
Details of CASS design, study protocol, procedure for randomization, quality-control measures, and the baseline characteristics of the participating patients have been previously published. '0 CASS consists of a patient registry and a randomized trial. All patients undergoing coronary arteriography for suspected or proven coronary artery disease at 15 clinical sites were asked to participate in the registry and 94% agreed. Patients entering the randomized trial were drawn from the registry at the 11 sites that participated in the trial; four CASS sites participated in the registry only.
All registry patients at the 11 randomizing sites were screened for potential participation in the trial. Patients qualifying on clinical and angiographic grounds were randomly assigned to receive medical or surgical therapy after informed consent had been obtained. Clinical criteria for inclusion included age of 65 years or less, angina that was Canadian Cardiovascular Society class I or II" with or without a history of myocardial infarction, or well-documented myocardial infarction more than 3 weeks before randomization. Clinical criteria for exclusion were prior coronary bypass surgery, unstable or progressive angina, angina more severe than class II (angina occurring after climbing one flight of stairs or walking two blocks is class III), congestive heart failure (New York Heart Association class III or IV), a coexisting illness that would increase the likelihood of death within 5 years, and a variety of practical exclusions that might limit active participation during follow-up such as geographic inaccessibility, psychological problems, or language barriers. 10 Coronary arteriograms and left ventriculograms were obtained and analyzed according to a common protocol. Left ventriculographic examination was performed in the right anterior oblique projection. Both ejection fraction and subjective assessment of left ventricular wall motion were recorded, as were the severity and morphologic characteristics of all significant coronary lesions.'0 Angiographic requirements for participation in the trial included the presence of significant operable coronary artery disease, defined as either 70% or greater reduction in the internal diameter of the right, left anterior descending, or left circumflex coronary artery, or 50% or greater reduction in the internal diameter of the left main coronary artery. Patients with 70% or greater luminal diameter reduction of the left main *National Center for Health Statistics, Hospital Discharge Summary: Unpublished data. coronary artery were excluded, as were those with a recognized ejection fraction of less than 0.35 and those likely to require additional procedures such as valve replacement or resection of a ventricular aneurysm.
Eligible consenting patients were randomly assigned to groups by means of telephone contact with the CASS coordinating center, during which the CASS Principal Investigator or his or her designate certified the patient's eligibility, and specified certain features required for stratified randomization. Randomization was stratified by clinical site, number of diseased vessels, and ejection fraction within three different clinical subgroups.
Patients with angina and ejection fractions of at least 0.50 were randomized within group A, those with angina and ejection fractions less than 0.50 were randomized within group B. and those free of angina after well-documented myocardial infarction were randomized within group C.
The surgical team at each site operated on patients assigned to receive surgical therapy as soon as the elective surgery schedule would permit. Early postoperative angiographic examination was performed in a sample of patients receiving surgical therapy. A concerted effort was made by CASS investigators to ensure optimal surgical and medical therapy for patients participating in this trial.
The details of medical and surgical management have been published. 10 All patients, including those assigned to the surgical group, received medical therapy. For example, surgically treated patients were advised to modify risk factors, and those who developed recurrent or worsening angina during follow-up were usually given nitrates and 3-blocking drugs. Conversely, medically treated patients whose angina worsened during follow-up in spite of aggressive medical therapy were not denied bypass surgery.
Patients were examined at 6 month intervals for the duration of the follow-up period. Details concerning events such as death, hospitalization, new or recurrent cardiovascular symptoms such as angina, dyspnea, and fatigue, and details concerning new or continuing drug therapy were routinely recorded at 6 month intervals. Other data were collected less frequently, including (1) a resting electrocardiogram at 6 month intervals for 2 years and yearly thereafter, (2) maximal treadmill exercise test results at 6, 18, and 60 months, and (3) repeat coronary arteriograms in a small number of patients at 18 months and in all willing patients 60 months after enrollment.
Electrocardiograms were assessed at the CASS central electrocardiographic laboratory.'0 Electrocardiograms demonstrating the interval development of significant new Q waves were independently read by members of a committee of expert electrocardiographers unaware of clinical details; disagreements were adjudicated by the committee as a whole. Perioperative infarction was diagnosed, by means of serial electrocardiograms, when the review committee agreed that a new major Q wave had appeared during the perioperative interval.
The first patient was randomly assigned in August 1975, the last in May 1979. Vital status was known on 779 of the participating patients as of April 15, 1983 ; one surgically treated patient was lost to follow-up after 41/2 years. Thus, all patients have been followed for 46 months, 69% have been followed for 60 months, 40% for 72 months, and 11% for 84 months.
Group differences at baseline were assessed by the chi-square test for discrete variables; the two sample t test is used for continuous variables.'2 The log-rank statistic, computed from all of the follow-up data, was used to assess the statistical significance of the observed differences between survival curves for the medical and surgical groups. '3 This analysis includes all randomly assigned patients. All data on events were included in the calculations according to the original randomization group regardless of subsequent therapy patients may have 940 CIRCULATION by guest on August 17, 2017 http://circ.ahajournals.org/ Downloaded from received. Survival curves for all patients extend to 6 years, while subgroup survival curves include data from 5 years of follow-up. The small numbers of patients followed for longer intervals make estimates beyond these cutoff points quite unstable. The annual mortality and crossover rates discussed below are derived from 5 year follow-up data. For example, in figure  6 , A, the 5 year mortality estimate for patients assigned to receive medical treatment is 5% (or 1% annually). In all survival curves, the error bars represent one-half of 97.5% confidence intervals for the cumulative percent survival at each year calculated with the Greenwood standard error. 14 The p values cited in each figure are two-sided and uncorrected for multiple comparisons.
Results
Source of patients. The During the recruitment period, 2099 (12.7%) CASS registry patients met the criteria for participation in this study; 780 patients, 37% of those eligible, were randomly assigned to receive medical or surgical therapy. Three hundred and ninety patients were assigned to each group and 514 were group A patients, 106 group B patients, and 160 group C patients. As illustrated in figure 1 , the remaining 1319 patients were eligible for this study but did not participate because of physician or patient refusal. These randomizable patients have been followed as part of the CASS registry; they have similar baseline characteristics and subsequent mortality. A comparison of randomized and randomizable patients is the subject of a separate report. '5 Baseline characteristics. Randomization created balanced treatment groups with respect to important prognostic characteristics, as depicted in tables 1 and 2. The two groups of patients were similar with respect to age, sex, work status, severity of angina, history of myocardial infarction, hypertension, congestive heart failure, and use of medication. The groups were well matched for electrocardiographic, arteriographic, and ventriculographic characteristics. There were no statistically significant differences between patients assigned to receive surgical and those assigned to receive istics listed in tables 1 and 2. At entry, 59% of patients participating in this trial had class II angina, 60% had a history of myocardial infarction, 29% showed electrocardiographic evidence of prior myocardial infarction, 40% smoked cigarettes, and 43% were taking ,3-adrenoceptor-blocking drugs. In group C patients, the average time from documented myocardial infarction to randomization was 286 days; 22% of group C patients were randomized within 6 weeks of infarction.
The percentages of patients with single-, double-, and triple-vessel disease, applying the definition of at least 70% luminal reduction, was 27%, 40%, and 33%, respectively. In all CASS analyses this 70% definition is used, but in two other large randomized stud-942 ies a definition of 50% luminal diameter reduction was used. Applying the 50% definition to the randomly assigned patients in this study changes the percentages to 18%, 32%, and 50% for single-, double-, and triple-vessel disease, respectively.
Compliance to therapeutic assignment. Of 390 subjects randomly allocated to operative treatment, two died before their scheduled date of surgery; 41 (11%) initially refused surgery and thus "crossed" to medical therapy. During the follow-up interval, 10 of these patients subsequently had bypass surgery so that only 31 (8%) noncompliant surgical group patients remained. The likelihood of a patient refusing surgery is inversely related to the angiographically determined severity of coronary disease. Thus, 15% of patients with single-vessel disease assigned to receive surgical therapy declined operation, whereas only 3% of those with triple-vessel disease refused operation (p = .02). 
CIRCULATION
Patients assigned to surgical therapy who accepted this assignment from the outset had bypass surgery a mean of 54 days after randomization (range 5 to 345 days). During the follow-up period 10 patients who were assigned to the surgical group but did not comply initially had surgery a mean 934 days after randomization. Of 390 patients assigned to receive medical therapy, 23.5% (4.7% per year) had bypass surgery by 5 years and thus "crossed" to surgical therapy. In most instances crossover was due to the development of worsening angina in spite of vigorous medical therapy. The estimated annual rate of crossover from the medical group to surgical therapy is directly related to the extent of coronary disease noted at entry. The annual crossover rates for those in the medical group who had single-, double-, and triple-vessel disease were 2.0%, 4.2%, and 7.6%, respectively. The observed differences in annual crossover rates among these subgroups of patients are unlikely to have arisen by chance (p < .001). Cumulative time to surgery in patients assigned to receive surgical therapy and in those assigned to these medical subgroups is shown in figure 2 .
Surgical therapy. In patients randomly assigned to undergo surgery, operative mortality, defined as death occurring in the hospital or within 30 days of surgery, was 1.4% (five of 357 patients). One operative death occurred at each of three CASS sites; there were two operative deaths at another site. There were no operative deaths at the seven other CASS randomizing sites. The operative mortality in those patients initially assigned to medical therapy but subsequently undergoing surgery was 2.0% (two of 100 patients). Perioperative myocardial infarction in the patients assigned to surgical therapy occurred in 23 of 357 or 6.4%. Operative mortality and perioperative myocardial infarction rates are for all patients followed over the entire follow-up interval, which ended April 15, 1983 Medical therapy. A standard protocol for medical treatment was developed by CASS investigators and shared with physicians involved in the care of all of the randomly assigned patients.'0 This included efforts to modify risk factors as well as the use of nitrates and /3-blocking drugs. fl-blocking drugs were used with equal frequency in both groups at entry, but were subsequently given more frequently to patients assigned to medical therapy. The percentages of patients in the medical group given fl-blocking drugs at 12, 36, and 60 months were 63%, 65%,and 64%; the corresponding percentages for those in the surgical group were 22%, 28%, and 34%. These differences are statistically significant (p < .001). Approximately 25% of patients in both groups who smoked cigarettes when they entered the trial reported at follow-up contacts that they had quit. There was no difference between the two groups with respect to the proportion who smoked during the follow-up period. The severity of angina, use of medication, rates of recurrent nonfatal myocardial infarction and hospitalization, as well as other indices of quality of life are topics of separate reports. 24' 25 Mortality. There were no significant differences among survival rates for the two treatment groups (figure 3) or for any of the subgroups (figures 4 through 7). A total of 65 deaths occurred during the entire followup interval through April 15, 1983 . Thirty-six patients in the medical group and 29 in the surgical group died.
Patients assigned to medical therapy experienced an estimated annual mortality of 1.6%. For patients with single-vessel disease treated medically, annual mortality was 1.4%; in patients with double-vessel disease the rate was 1.2% and in patients with triple-vessel disease, 2.1%. In patients assigned to medical treatment who had moderately impaired ventricular function (ejection fraction less than 0.50) the annual mortality rate was 3.3%.
The estimated annual mortality rate in patients assigned to surgical therapy was 1.1%. In patients with single-, double-,and triple-vessel disease, annual mortality rates were 0.7%, 1.0%, and 1.5%, respectively.
In the surgically assigned patients with ejection frac-943 tions less than 0.50 there was an annual mortality rate of 1.7%.
There were no statistically significant differences among survival curves for medical and surgical groups when patients were grouped according to presence of single-, double-, or triple-vessel disease (figure 4), by clinical subgroup (figure 5), ejection fraction, or by a combination of number of diseased vessels and ejection fraction (figures 6 and 7). There was no statistically significant difference between patients with left anterior descending coronary artery lesions at baseline between medical and surgical groups.
The mortality in patients in the medical group was increased in the presence of impaired ventricular function (ejection fraction of less than 0.50) when compared with that in those with ejection fractions of at least 0.50 (p < .0001); the survival curve for patients in the surgical group who had impaired ventricular function and that for those with normal ventricular function (ejection fraction of at least 0.50) were not significantly different (p -.30).
A number of additional subgroups were formed based on patient characteristics at entry into the study and differences in mortality among the groups were examined. Variables used in the formation of groups included presence or absence of myocardial infarction, degree of myocardial jeopardy,26 history of hypertension, presence or absence of ST depression on a resting electrocardiogram, and history of peripheral vascular disease. No statistically significant differences between the patients in the medical and surgical groups were observed in these subgroups.
Discussion
Patients with coronary artery disease vary widely with respect to severity of symptoms, extent and distribution of coronary artery lesions, ventricular function, and prognosis. For example, recent CASS registry estimates of annual mortality in patients managed nonoperatively range from 1.3% in those with single-vessel disease and well-preserved ventricular function to 12.5% in those with triple-vessel disease and impaired ventricular function.27 This CASS registry study included patients with coronary disease of a wide range of severity. Noninvasive descriptors appear to add independent prognostic information. 14 Given the large reported range of annual mortality rates in subgroups of patients treated medically, a treatment strategy of immediate surgery may be advantageous in some patients but not Analysis by assigned treatment influences the hypotheses that can be tested because of the slow, steady rate of crossover to surgical therapy in the medical group. Given the observed degree of noncompliance to treatment assignment, CASS cannot definitively test the true contrast in outcome between medical and surgical therapy, since it is impossible from a practical standpoint to restrict therapy during follow-up. Patients assigned to the medical group who developed worsening angina during the course of the study were not denied the opportunity to seek improvement by bypass surgery and surgically treated patients with worsening angina were treated medically as well. However, the CASS tests the practical hypothesis that a strategy of prompt elective surgery results in a different mortality rate than a strategy of deferred surgery contingent upon worsening symptoms.
Patients undergoing coronary artery bypass grafting as part of the CASS in the period from 1975 to 1979 enjoyed excellent results. The operative mortality of 1.4% is similar to the currently reported surgical risk. 8 The number of grafts fashioned and bypass patency rates are similar to those reported in other recent series. The incidence of perioperative myocardial infarction, determined according to a vigorously applied algorithm, was 6.4%.24 This rate is difficult to compare with the reports of others because of wide variability in the criteria used to diagnose this complication, but it is within the range of rates reported in studies relying on electrocardiographic Q wave criteria. 8 Recommended medical therapy is outlined in the CASS protocol. '1 Patients were referred to the participating CASS sites from a large number of practicing physicians. After entry into the randomized trial, patients were returned to the care of their personal physicians. The recommended outline of medical treatment was forwarded to these physicians. No attempt was made to further standardize medical therapy; the responsible physician was free to choose optimal therapy according to his or her best judgment. At each followup visit, symptoms and therapy were carefully reviewed and recorded.
The survival of CASS patients assigned to medical therapy is excellent. When the CASS was initially designed, review of available published data suggested that the annual medical mortality rate in patients with proven coronary artery disease would be approximately 4%. Calculations have been published estimating the statistical power of CASS to detect clinically important differences in survival for an assumed annual medical mortality of 2% and 4%. 10 The annual mortality in patients assigned to medical therapy is 1.6%, a figure considerably lower than that estimated during trial design and lower than the annual medical mortality of 3.3% noted in the European Collaborative Study23 and than the 4.3% reported in the Veterans Administration Study.'7 The excellent longterm results in CASS patients assigned to medical therapy reduces the power of the experiment to detect a reduction in mortality afforded by prompt elective coronary artery bypass. Thus, if medical mortality for these patients is in truth 1.6% a year, a 50% reduction in mortality would be discerned with the present sample size with a probability of .65. A 30% reduction would be detected with a probability of .26.28 Indeed, a sample size of over 4600 would have been required to detect a 30% reduction in mortality with 90% surety given the observed CASS medical mortality rate. 28 The clinical significance of the observed nonsignificant reduction in estimated mortality for the individual patient is quite small (1.1% vs 1.6% annual risk). The difference in the annual mortality rates for patients with good ventricular function at entry is even smaller (0.8% vs 1.0%).
Only 160 patients with ejection fractions of less than 0.50 participated in the present study. As shown in figure 7, for randomization but declining to participate (the randomizable group for whom therapy was chosen in consultation with the personal physician rather than by random assignment) reveals an outcome in those treated medically similar to that reported in the randomly assigned patients who received medical therapy. Patients who agreed to be randomly assigned to treatment did not differ in long-term survival when compared with those who declined randomization. 15 In contrast to the European Collaborative Study, the CASS does not show a significant decrease in survival rates for patients with three-vessel disease and ejection fractions greater than 0.50, or in patients with two-or three-vessel disease involving the left anterior descending coronary artery. The subgroup in this study in which a trend in favor of surgery (those with threevessel disease with ejection fractions less than 0.50) was revealed was not included in the European Study. The reasons for the apparent differences between results of the two studies may lie in variations in referral patterns, the medical therapy used in the two studies, the exclusion of patients with single-vessel disease in the European study and, perhaps most importantly, the inclusion of patients with more severe angina in the European trial. The excellent survival rate observed in CASS medical patients is the major difference between the results of the two studies.
Neither the Veterans Administration Study nor the CASS shows a significant overall difference in outcome when medical and surgical therapy are compared. Since the Veterans Administration Study was initiated, changes have been made in the process of selection of patients for coronary arteriography and in surgical technique (with a lowering of operative mortality) and there have been improvements with respect to graft patency and perioperative infarction rate, as well as more effective application of medical therapy, including administration of nitrates and /3-blocking drugs. These secular changes make close comparison difficult. In contrast to the Veterans Administration Study, CASS included patients with less impairment of ventricular performance at entry. The small CASS subgroup with impaired ventricular performance more closely resembles patients included in the Veterans Administration trial. An analysis of CASS subgroups of patients with prior myocardial infarction, ST segment depression apparent on the resting electrocardiogram, and history of hypertension does not reveal statistically significant survival differences between patients assigned to receive medical and those assigned to receive surgical therapy.
CASS trial results are most applicable to patients with mild-to-moderate angina and to angina-free survivors of myocardial infarction with surgically approachable coronary artery disease. CASS registry data reveal that 12.7% of all patients undergoing diagnostic coronary arteriography at the 11 CASS sites from August 1975 to May 1979 meet these criteria. More importantly, this subset includes 44% of those patients (unshaded area of figure 1) for whom the therapeutic choice between surgery and medical management is a matter of judgment rather than widely accepted practice. In these patients a treatment strategy of prompt elective coronary artery bypass surgery does not result in improved survival when compared with a strategy of medical management unless worsening symptoms make surgery necessary. In patients with unimpaired ventricular performance on entry into the study (ejection fraction of at least 0.50), the survival curves are indistinguishable. In those with impaired ventricular performance, a statistically nonsignificant trend in favor of surgery is evident, and may represent a true survival advantage for patients assigned to surgical therapy. Insufficient numbers of patients in this subgroup prevent rigorous testing of this hypothesis, but further follow-up of CASS randomly assigned patients is planned and may clarify this trend.
In patients similar to those enrolled in the CASS trial, a strategy of medical management until worsening symptoms require surgical palliation does not carry a mortality penalty. Furthermore, deferring surgery does decrease immediate health care costs and preserve both veins and mediastinum if surgery is required later. Thus, the decision to proceed with bypass surgery in these patients can be reduced to a question of whether the current level of symptoms is acceptable to the patient. These findings have important implications for both cardiologists and cardiac surgeons in their diagnostic and therapeutic efforts. CASS
